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(54) Antenna dupiexer 

(57) An antenna dupiexer has a transmission input 
terminal, a receiving output terminal, an antenna termi- 
nal in which a transmission output terminal and a 
receiving input terminal are used in common, a trans- 
mission filter having at least one resonance element set 
between the transmission input terminal and the trans- 
mission output terminal and coupled by a coupling ele- 
ment, a receiving filter having at least one resonance 
element set between the receiving output terminal and 
said receiving input terminal and coupled by a coupling 
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element, and an impedance variable element con- 
nected to the resonance element of the transmission fil- 
ter and the resonance element of said receiving filter 
respectively in parallel, wherein the frequency transfer 
characteristic of the transmission filter and the fre- 
quency transfer characteristic of the receiving filter are 
controlled by applying control signals and thereby 
changing the impedances of the impedance variable 
element. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an antenna 
duplexer mainly used for a high-frequency circuit or the 
like of a radio system to share an antenna by a transmit- 
ter and a receiver. 

Description of the Prior Art 

Because mobile communication has recently 
advanced, an antenna duplexer is used for a lot of port- 
able telephones and automobile telephones. An exam- 
ple of the above conventional antenna duplexer is 
described below while referring to the accompanying 
drawings. 

FIG. 13 shows an exploded perspective view of a 
conventional antenna duplexer. In FIG. 13, symbols 
1301 to 1306 denote dielectric coaxial resonators, 1307 
denotes a coupling board, 1308 denotes a metallic 
case, 1309 denotes a metallic cover, 1310 to 1312 
denote series capacitors, 1313 and 1314 denote induc- 
tors, 1315 to 1318 denote coupling capacitors. 1321 to 
1326 denote coupling pins, 1331 denotes a transmis- 
sion (hereafter TX) terminal, 1332 denotes an antenna 
terminal, 1333 denotes a receiving (hereafter RX) termi- 
nal, and 1341 to 1347 denote electrode patterns formed 
on the coupling board 1307. 

The dielectric coaxial resonators 1301, 1302, and 
1303 and the series capacitors 1310, 1311, and 1312, 
and inductors 1313 and 1314 constitute a TX band 
rejection filter. Moreover, the dielectric coaxial resona- 
tors 1304, 1305, and 1306 and coupling capacitors 
1315, 1316, 1317, and 1318 constitute a RX band pass 
filter. 

One end of a TX filter is connected to the TX termi- 
nal 1331 electrically connected with a transmitter and 
the other end of the TX filter is connected with one end 
of a RX filter and also connected to the antenna termi- 
nal 1332 electrically connected to an antenna. The 
other end of the RX filter is connected to the RX termi- 
nal 1333 electrically connected with a receiver. 

Operations of the antenna duplexer constituted as 
described above are described below. 

First, the TX band rejection filter shows a small 
insertion loss for a TX signal in a TX frequency band 
and makes it possible to transfer the TX signal from the 
TX terminal 1331 to the antenna terminal 1332 almost 
without attenuating the TX signal. Moreover, the TX 
band rejection filter shows an operation that RX signals 
input through the antenna terminal 1332 return to the 
RX band pass filter because the TX band rejection filter 
shows a large insertion loss for the RX signals in a RX 
frequency band and most input signals in the RX fre- 
quency band are reflected. 



However, the RX band pass filter shows a small 
insertion loss for a RX signal in a RX frequency band 
and makes it possible to transfer the RX signal from the 
antenna terminal 1332 to the RX terminal 1333 almost 

5 - without attenuating the RX signal. Moreover, the RX 
band pass filter shows an operation that TX signals 
coming through a TX filter are sent to the antenna termi- 
nal 1332 because the RX band pass filter shows a large 
insertion loss for TX signals in a TX frequency band and 

to most input signals in the TX frequency band are 
reflected. 

An antenna duplexer used for a high-frequency 
band of mobile communication has wide band charac- 
teristics. Therefore, to secure a necessary attenuation 
is value in a wide band, it is necessary to further increase 
the number of stages of cascaded dielectric coaxial res- 
onators. 

In the case of the above structure, however, when 
the number of stages of resonators is increased to 

20 increase the attenuation value, the loss in a signal pass 
band width increases. To avoid the bad effect, it is con- 
sidered to increase the unloaded Q of a dielectric coax- 
ial resonator. However, to increase the unloaded Q, it is 
necessary to increase the size of the dielectric coaxial 

25 resonator. This is reciprocal to the recent antenna- 
duplexer downsizing trend. 

BRIEF SUMMARY OF THE INVENTION 

30 The present invention is made to solve the above 
problems and its object is to provide an antenna 
duplexer having a large attenuation value and a small 
loss without increasing the size of the unit 

According to the above structure, the present inven- 

35 tion makes it possible to make a TX filter and a RX filter 
synchronously variable by external control by adding a 
switching element or variable capacitive element to the 
TX and RX filter sections of an antenna duplexer and 
control the frequency of pass bands for TX and RX 

40 which is an important performance requested to the 
duplexer. As a result, because TX and RX channels 
necessary for the antenna duplexer of a radio system 
normally synchronously change, it is possible to obtain 
a large attenuation value with the number of stages less 

45 of antenna duplexers than the number of stages of nor- 
mal antenna duplexers. Moreover, because a less 
number of stages are used, it is possible to decrease 
the loss in a pass band and decrease the size of an 
antenna duplexer. Furthermore, it is possible to obtain a 

so superior characteristic when a strong signal is input by 
making the DC voltage value of a terminal indetermi- 
nate when a switch is turned off. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

FIG. 1 is a circuit diagram of the antenna duplexer 
of the first embodiment of the present invention; 
FIGS. 2(a) and 2(b) are pass characteristics of the 
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antenna duplexer of the first embodiment for 
explaining operations of the embodiment; 
FIG. 3 is a block diagram of the shift circuit of the 
first embodiment using a PIN diode; 
FIG. 4 is a block diagram of the shift circuit of the s 
first embodiment using a PIN diode; 
FIG. 5 is a characteristic diagram of an insertion 
loss for the input signal power of the antenna 
duplexer of the first embodiment; 
FIG. 6 is a characteristic diagram of twofold har- 10 
monic for the input signal power of the antenna 
duplexer of the first embodiment; 
FIG. 7 is a characteristic diagram of adjacent-chan- 
nel leakage power for the input signal power of the 
antenna duplexer of the first embodiment; 15 
FIG. 8 is a characteristic diagram of tertiary inter- 
modulation distortion for the input signal power of 
the antenna duplexer of the first embodiment; 
FIG. 9 is a circuit board mounting diagram nearby 
the antenna terminal of the first embodiment; 20 
FIG. 10 is a block diagram of the shift circuit of the 
first embodiment using an FET; 
FIG. 1 1 is a circuit block diagram of the antenna 
duplexer of the second embodiment of the present 
invention; 2s 
FIGS. 12(a) and 12(b) are pass characteristic dia- 
grams of the antenna duplexer of the second 
embodiment for explaining operations of the 
embodiment; and 

FIG. 13 is an exploded perspective view of a con- 30 
ventional antenna duplexer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 

The antenna duplexer of the first embodiment of the 
present invention is described below by referring to the 
accompanying drawings. 

FIG. 1 shows a circuit block diagram of the antenna 
duplexer of the first embodiment of the present inven- 40 
tion. In FIG. 1, symbols 101 to 105 denote dielectric 
coaxial resonators comprising a 1/4-wavelength short- 
ended TX line, 106 and 107 denote series capacitors, 
108 and 109 denote grounding capacitors, 110 to 112 
denote coupling inductors, 113 and 114 denote cou- 45 
pling capacitors, 115 and 116 denote bypass capaci- 
tors, 117 and 118 denote terminal matching capacitors 
and inductors, 1 19 to 123 denote switches, 124 to 128 
denote switch coupling capacitors, 129 denotes an 
antenna terminal, 130 denotes a TX terminal, and 131 so 
denotes a RX terminal. 

The series capacitors 106 and 107 are connected 
to the open ends of the dielectric coaxial resonators 101 
and 102 and the resonators are coupled by the inductor 
1 10 to constitute a band rejection filter. The grounding ss 
capacitors 108 and 109 for controlling harmonics are 
connected to the both ends of the coupling inductor 110. 
Moreover, the dielectric coaxial resonators 103, 104, 



and 105 are connected each other by the capacitors 
1 13 and 1 14 and the coupling inductors 1 1 1 and 1 12 for 
input/output are connected to the open ends of the die- 
lectric coaxial resonators 103 and 105 respectively to 
constitute a band pass filter. Furthermore, the bypass 
capacitor 115 getting astride of the coupling elements 
111 and 113 and the bypass capacitor 116 getting 
astride of the coupling elements 1 12 and 114 form an 
attenuation pole at the high band side of a pass band. 
The output end of the TX band rejection filter and the 
input end of the RX band pass filter are connected to the 
antenna terminal 129 through the series inductor 118 
and parallel capacitor 117 for matching terminals to 
constitute an antenna duplexer. Furthermore, the 
switches 119, 120, 121, 122, and 123 are connected to 
the open ends of the dielectric coaxial resonators 101 , 
102, 103, 104, and 105 through the switch coupling 
capacitors 124, 125, 126, 127, and 128 and the other 
end of every switch is grounded. 

Operations of the antenna duplexer thus consti- 
tuted are described below by referring to FIG. 1 and 
FIGS. 2(a) and 2(b). 

First, FIGS. 2(a) and 2(b) show the pass character- 
istics of the antenna duplexer of the first embodiment. 
FIG. 2(a) is the pass characteristic of a TX filter which 
constitutes a band rejection filter with the dielectric 
coaxial resonators 101 and 102 and the stage coupling 
inductor 110 grounded through the series capacitors 
106 and 107 on a TX line extending from the TX termi- 
nal 130 to the antenna terminal 129 and forms a low 
pass characteristic, which rejects TX band harmonics 
with the series inductor 118 and grounding capacitors 
108, 109, and 117 connected to the coupling inductor 
110 and a filter output end. The inductor 118 and the 
capacitor 117 also have a function for adjusting an 
impedance so that a TX-side filter and a RX-side filter 
do not influence each frequency band in the antenna 
terminal 129. The TX filter shows a small insertion loss 
for a TX signal in a TX frequency band and makes it 
possible to transfer the TX signal from the TX terminal 
130 to the antenna terminal 129 almost without attenu- 
ating the signal. Moreover, the TX filter shows a large 
insertion loss for a RX signal in a RX frequency band 
and an operation that RX signals input through the 
antenna terminal 129 return to the RX filter because 
most input signals in the RX frequency band are 
reflected. 

Furthermore, FIG. 2(b) is the pass characteristic of 
a RX filter in which a band pass filter is constituted on a 
TX line extending from the antenna terminal 129 to the 
RX terminal 131 with the grounded dielectric coaxial 
resonators 103, 104, and 105, the stage coupling 
capacitors 113 and il4, and the input-output coupling 
inductors 111 and 112, and an attenuation pole is 
formed with the impedance characteristic of the band 
pass filter and the impedances of the capacitors 115 
and 116 used for a bypass circuit. In the case of FIG. 1 , 
because an inductor is used for coupling of an input and 
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output, the impedance of the bypass circuit becomes 
equivalently inductive and an attenuation pole is formed 
at a position where the impedance of the band pass fil- 
ter is capacitive, that is, in a frequency domain nearby a 
TX frequency higher than the central frequency of the 
band pass filter. The RX filter shows a small insertion 
loss for a RX signal in a RX frequency band and makes 
it possible to transfer the RX signal from the antenna 
terminal 129 to the RX terminal 131 almost without 
attenuating the RX signal. Moreover, the RX filter shows 
a large insertion loss for a TX signal in a TX frequency 
band and an operation that TX signals coming through 
a TX filter are sent to the antenna terminal 129 because 
most input signals in the TX frequency band are 
reflected. 

Furthermore, a frequency shift circuit constituted 
with the switch coupling capacitors 124, 125, 126, 127, 
and 128 for rejecting DC current connected with the 
switches 119, 120, 121, 122, and 123 whose one ends 
are grounded in series are connected with the open 
ends of the dielectric coaxial resonators 101 , 102, 103, 
104, and 105 in parallel. That is, the resonance fre- 
quency of the dielectric coaxial resonators 101 to 105 is 
determined by the capacitance and inductance compo- 
nents of the dielectric coaxial resonators and the capac- 
itance of a frequency shift circuit when the switches 1 19 
to 123 are turned on or off. When the switches are 
turned on, the resonance frequency of a resonator is 
lowered in accordance with the increase of the capaci- 
tance component and thereby, the central frequency of 
a filter is lowered to move the rejection band of a TX fil- 
ter and the pass band of a RX filter in the direction of 
lower frequency. Moreover, when the switches are 
turned off, the resonance frequency of the dielectric 
coaxial resonators are raised in accordance with the 
decrease of the capacitance component. Thereby, the 
central frequency of the filter is raised to move the rejec- 
tion band of the TX filter and the pass band of the RX fil- 
ter in the direction of higher frequency. That is, it is 
possible to synchronously change the rejection band of 
the TX filter and the pass band of the RX filter. 

FIGS. 2(a) and 2(b) show relations between the 
pass characteristics of a TX filter and a RX filter for a 
frequency of 800 to 1000 MHz in accordance with the 
above structure. Symbol 201 in FIG. 2(a) and symbol 
203 in FIG. 2(b) are pass characteristics when a switch 
is turned on. By turning off the switch, 202 in FIG. 2(a) 
and 204 in FIG. 2(b) are obtained. Thus, the frequen- 
cies of the TX-side rejection band and the RX-side pass 
band of an antenna duplexer are synchronously 
changed by changing the switches. 

The circuit using a PIN diode shown in FIG. 3 is 
listed as a specific circuit structure used for the switches 
119 to 123. Symbol 301 denotes the PIN diode which 
constitutes a frequency shift circuit by connecting with a 
coupling capacitor 302 (corresponding to 124 to 128 in 
FIG. 1) for rejecting DC current in series. A shift voltage 
for changing bands is applied to the connection point 



between the switching element 301 and the coupling 
capacitor 302 from a control terminal 306 through a 
resistance 305, bypass capacitor 304, and choke coil 
303 so that control can be made. The shift voltage sup- 

5 plied from the control terminal 306 turns on/off the PIN 
diode 301 . By applying a certain voltage higher than the 
bias voltage supplied to the cathode side to the PIN 
diode, the PIN diode is turned on because a forward DC 
current flows through the diode and has a very small 

70 resistance value. Symbol 305 denotes a resistance for 
controlling a current value when the PIN diode is turned 
on. However, by applying 0 V or a reverse bias voltage 
to the PIN diode, the forward current does not flow 
through the diode and the diode has a very large resist- 

75 ance and it is turned off. 

In this case, because a TX signal having a strong 
power passes through an antenna duplexer, the power 
resistant characteristic is also an important factor. By 
setting the bias voltage to 0 V in the structure in FIG. 3 

20 when the PIN diode is turned off, the pass band charac- 
teristic of a filter is degraded due to a TX signal power. 
This is because the PIN diode 301 is instantaneously 
turned on due to the power leaking to the anode termi- 
nal side of the PIN diode when a strong input is supplied 

25 and some of signal components are detected and a DC 
voltage is generated on the anode terminal. This volt- 
age passes through the control terminal 306 and flows 
to an earth and resultingly, the phenomenon that the 
loss of signal components increases. To prevent the 

so phenomenon, by applying a reverse bias voltage to the 
control terminal 306, detection current can be limited. 
Moreover, by using the structure for applying a bias volt- 
age to the both sides of the diode 301 as shown in FIG. 
4, it is possible to supply a reverse bias to the diode 

35 when it is turned off without using a negative power sup- 
ply by applying a positive voltage to a control terminal 
402 when the diode is turned on and a positive voltage 
to a control terminal 403 when the diode is turned off. 
However, to completely control the degradation phe- 

40 nomenon, it is necessary to apply a considerably large 
reverse bias voltage. Therefore, by separating the con- 
trol terminal 306 to set a DC voltage indeterminate 
state, that is. an open state when the diode is turned off, 
the above detection current does not flow at all and 

45 therefore, loss degradation does not occur, and the 
duplexer characteristic when a strong input is supplied 
is greatly improved. 

FIG. 5 is an experimental result showing the effect, 
which shows the degradation value of a TX filter inser- 

so tion loss to an input power level. Symbol 501 denotes 
the characteristic when opening a control terminal. 
Symbols 502, 503, and 504 denote the characteristics 
when setting a reverse bias voltage to -5 V, -3 V, and 0 
V. From FIG. 5, it is found that the degradation value of 

55 insertion loss when a strong input is supplied is 
improved under open control. 

Moreover, a control method for opening a control 
terminal when the diode is turned off is effective for not 
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only for improvement of degradation of insertion loss but 
also improvement of distortion characteristic because 
the operation theory of the open control method uses a 
function of reduction of a PIN diode nonlinear phenom- 
enon. FIGS. 6, 7 and 8 show a harmonic characteristic, 
adjacent channel leakage power characteristic, and ter- 
tiary intermodulation distortion when the diode is turned 
off. From FIGS. 6, 7, and 8 t it is found that the character- 
istic under open control is greatly superior to the charac- 
teristic when applying a reverse bias voltage of -3 V in 
any case. The characteristic in FIG. 8 shows values 
obtained by keeping one input signal constant at a level 
of 30 dBm from a TX end, making the other input signal 
variable by inputting it through an antenna terminal, and 
measuring a signal level appearing at a RX terminal. 

In this case, under a waiting state in which no TX 
signal is output, it is necessary to reduce the current 
consumption of an antenna duplexer as much as possi- 
ble because the entire current consumption of a com- 
munication unit is small. Therefore, there is no problem 
on practical use even by keeping a switch for controlling 
a TX band turned off because no TX filter is used under 
a waiting state and thereby, the current consumption 
under the waiting state can be reduced. 

Moreover, when switching a PIN diode from turned- 
on to turned-off states and simultaneously instantane- 
ously switching a positive voltage applying state to a 
voltage indeterminate state, electric charges left at the 
anode side of the diode are not immediately discharged 
but they are discharged with a certain time constant, 
and as a result, the switching speed of a switch may be 
lowered. In this case, by instantaneously performing 
grounding or, on the contrary, applying a reverse bias 
voltage when switching the control to the voltage inde- 
terminate state, the electric charges left in the anode 
are instantaneously discharged and thereby, the switch- 
ing speed can be prevented from lowering. 

Furthermore, a TX filter has a circuit structure 
obtained by combining a band rejection filter with a low 
pass filter and it is necessary to ground one ends of the 
coupling capacitors 1 09 and 1 1 7 constituting a low pass 
filter. However, when connecting their ends to a com- 
mon grounding terminal, the ends are electrically con- 
nected each other through an grounding electrode and 
the attenuation characteristic of the low pass filter is 
degraded. FIG. 9 is a duplexer circuit board mounting 
diagram nearby an antenna terminal and a common 
element to that in FIG. 1 is provided with the same 
number. Symbol 901 denotes an antenna terminal, 902. 
denotes a grounding terminal in the direction of the TX 
side adjacent to the antenna terminal, and 903 denotes 
a grounding terminal in the direction of the RX side 
adjacent to the antenna terminal. As shown in FIG. 9, by 
connecting the capacitors 1 09 and 1 1 7 to the grounding 
terminals 902 and 903 separated by the antenna termi- 
nal 901, it is possible to greatly reduce the electrical 
couplings through the grounding electrode and improve 
the attenuation characteristic of a filter. Moreover, by 



forming grounding electrodes separate from each other 
and grounding the capacitors 109 and 117 to these 
electrodes, the same effect can be obtained. 

The switching elements 1 19 to 123 can respectively 
s use a transistor in addition to the PIN diode. For exam- 
ple, FIG. 10 shows a case of using a field effect transis- 
tor (FET) 1001 as a switching element. The gate 
electrode of the FET is connected to a control terminal 
1003 through a bypass capacitor 1002. Because the 
10 FET is a voltage control element, the current consump- 
tion such as a diode is used does not occur and there- 
fore, it is effective to reduce current consumption. 
Moreover, by using a varactor diode as a switching ele- 
ment, it is possible to continuously change bands. 
is As described above, according to this embodiment, 
it is possible to synchronously control the rejection band 
of the TX filter and the pass band of the RX filter of an 
antenna duplexer in accordance with an externally 
applied voltage and obtain an attenuation value without 
20 increasing the number of stages of filters even when 
obtaining a slightly wide band. Moreover, because the 
number of stages is decreased, a loss is reduced. 
Thereby, the size of an antenna duplexer can be 
decreased. Furthermore, by opening a control terminal 
25 when a switch is turned off, it is possible to prevent the 
characteristic when a strong power signal is input from 
deteriorating. 

The antenna duplexer of the second embodiment of 
the present invention is described below by referring to 
30 the accompanying drawings. 

FIG. 11 shows a circuit block diagram of the 
antenna duplexer of the second embodiment of the 
present invention. In FIG. 11, symbols 1101 to 1106 
denote dielectric coaxial resonators constituted with a 
35 1/4-wavelength short-ended TX line, 1107 and 1108 
denote series capacitors, 1109 and 1110 denote 
grounding capacitors, 1111 to 1113 denote coupling 
inductors, 1114 to 1116 denote coupling capacitors, 
1117 and 1118 denote bypass capacitors, 1119 and 
40 1120 denote terminal-matching capacitors: and induc- 
tors, 1121 and 1122 denote switches, 1123 and 1124 
denote switch coupling capacitors, 1125 denotes an 
antenna terminal, 1126 denotes a TX terminal, and 
1 127 denotes a RX terminal. 
45 The series capacitors 1107 and 1108 are con- 
nected to the open ends of the dielectric coaxial resona- 
tors 1101 and 1 102 to constitute a band rejection filter 
by coupling the resonators by the inductor 1111. The 
grounding capacitors 1109 and 1110 for reducing har- 
50 monies are connected to the both ends of the coupling 
inductor 1111. Moreover, the dielectric coaxial resona- 
tors 1103, 1104, 1105, and 1106 are coupled each 
other by the capacitors 1 1 1 4, 1 1 1 5, and 1 1 1 6 to consti- 
tute a RX band pass filter by connecting the input-output 
55 coupling inductors 1112 and 1 1 1 3 to the open ends of 
the dielectric coaxial resonators 1 103 and 1106. More- 
over, an attenuation pole is formed with the bypass 
capacitors 1117 getting astride of the coupling elements 
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1 1 1 2 and 1 1 1 4 and the bypass capacitor 1118 getting 
astride of the coupling elements 1113 and 1 1 16 at the 
high band side in a pass band. The output end of the 
band rejection filter and the input end of the band pass 
filter are connected to the antenna terminal 1125 
through the terminal-matching series inductor 1 120 and 
parallel capacitor 1119 to constitute an antenna 
duplexer. Furthermore, the switches 1 121 and 1 122 are 
connected to the open ends of the dielectric coaxial res- 
onators 1101 and 1102 through the switch coupling 
capacitors 1123 and 1124 and the other end of every 
switch is grounded. 

Operations of the antenna duplexer thus consti- 
tuted are described below by referring to FIGS. 1 1 and 
12. 

First, FIGS. 12(a) and 12(b) show the pass charac- 
teristics of the antenna duplexer of the second embodi- 
ment of the present invention. FIG. 12(a) shows the 
pass characteristic of a TX filter, in which constitutes a 
band rejection filter with the dielectric coaxial resona- 
tors 1101 and 1102 and the stage-coupling inductor 
1111 grounded through the series capacitors 1 1 07 and 
1 108 on a TX line extending from the TX terminal 1 126 
to the antenna terminal 1125 and forming a low pass 
characteristic, which rejects TX band harmonics with 
the series inductor 1120 and grounding capacitors 
1109, 1110, and 1119 connected to the coupling induc- 
tor 1111 and the filter output end. The inductor 1120 
and the capacitor 1119 also have a function for adjust- 
ing impedance so that the TX filter and RX filter of the 
antenna terminal 1125 do not interfere each other in 
their frequency bands. The TX filter shows a small 
insertion loss for a TX signal in a TX frequency band 
serving as a pass band and makes it possible to transfer 
the TX signal from the TX terminal 1 126 to the antenna 
terminal 1 125 almost without attenuating the TX signal. 
Moreover, the TX filter shows a large insertion loss for a 
RX signal in a RX frequency band and an operation that 
a RX signal input through the antenna terminal 1125 
returns to a RX filter because most input signals in the 
RX frequency band are reflected. 

Furthermore, FIG. 12(b) is the pass characteristic 
of a RX filter in which a band pass filter is constituted 
with the grounded dielectric coaxial resonators 1 103, 
1104, 1105, and 11 06, . the stage-coupling capacitors 
1114, 1115, and 1116, and the input-output coupling 
inductors 1112 and 1113 on a TX line extending from 
the antenna terminal 1 125 to the RX terminal 1 1 27 and 
an attenuation pole is formed with the impedance char- 
acteristic of the band pass filter and the impedances of 
the capacitors 1 1 1 7 and 1 1 18 used for a bypass circuit. 
In the case of FIG. 1 1 , because an inductor is used for 
coupling of input and output, the impedance of the 
bypass circuit becomes equivalently inductive and an 
attenuation pole is formed at a position where the 
impedance of the band pass filter is capacitive, that is, in 
a frequency domain higher than the central frequency of 
the band pass filter. The RX filter shows a small inser- 



tion loss for a RX signal in a RX frequency band and 
makes it possible to transfer the RX signal from the 
antenna terminal 1 125 to the RX terminal 1 127 almost 
without attenuating the RX signal. Moreover, the RX fil- 

5 ter shows a large insertion loss for a TX signal in a TX 
frequency band and an operation that the TX signal 
coming through a TX filter is sent out to the antenna ter- 
minal 1 125 because most input signals in the TX fre- 
quency band are reflected. 

10 Furthermore, a frequency shift circuit constituted by 
connecting the switch coupling capacitors 1123 and 
1124 for rejecting DC current with the switches 1121 
and 1122 whose one ends are grounded in series is 
connected to the open ends of the dielectric coaxial res- 

15 onators 1101 and 1102 in parallel. That is, the reso- 
nance frequency of the dielectric coaxial resonators 
1101 and 1102 is determined by the capacitance and 
inductance components of the dielectric coaxial resona- 
tors and the capacitance of a frequency shift circuit 

20 when the switch 1 121 or 1 122 is turned on or off, When 
the switch is turned on, the resonance frequency of the 
resonators is lowered in accordance with the increase 
of the capacitance component and thereby, the central 
frequency of a filter is lowered to move the rejection 

25 band of a TX filter in the direction of lower frequency. 
Moreover, when the switch is turned off, the resonance 
frequency of the dielectric coaxial resonators is raised in 
accordance with the decrease of the capacitance com- 
ponent. Thereby, the central frequency of a filter is 

30 raised to move the pass band in the rejection band of 
the TX filter in the direction of higher frequency. That is, 
it is possible to change only the rejection band of the TX 
filter while fixing the pass band characteristic of the RX 
filter. Thereby, though the number of stages of RX filters 

35 increases and the insertion loss increases compared to 
the case of the first embodiment, it possible to decrease 
the current consumption of shift circuits because the 
number of shift circuits decreases. 

FIGS. 12(a) and 12(b) show the results of examin- 

40 ing the relation between the pass characteristics of a TX 
filter and a RX filter for a frequency of 800 to 1000 MHz 
in accordance with the above structure. Symbol 1201 in 
FIG. 12(a) denotes the pass characteristic of the TX ffl- 
ter when a switch is turned on and 1202 denotes the 

45 characteristic when the switch is turned off. Moreover, 
the reception filter shows a pass characteristic 1203 in 
FIG. 12(b) independently of operations of switches. 
Thus, only frequencies in the rejection band of the TX 
filter of an antenna duplexer are changed by changing 

so switches. 

Furthermore, circuit structures of the switches 1 121 
and 1 122 can use the PIN diodes shown in FIGS. 3 and 
4, the FET shown in FIG. 10, or a varactor diode simi- 
larly to the case of the first embodiment In this case, the 

55 same advantage as that of the first embodiment can be 
obtained. 

As described above, this embodiment makes it pos- 
sible to obtain an attenuation value without increasing 
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the number of stages of filters similarly to the case of the 
first embodiment by controlling only the rejection band 
of the TX filter of an antenna duplexer with an externally 
applied voltage. Moreover, a loss is decreased because 
a less number of stages can be used. Thereby, it is pos- 5 
sible to decrease the size of an antenna duplexer. Fur- 
thermore, by opening a control terminal when a switch 
is turned off, it is possible to prevent the characteristic 
when a strong power signal is input from deteriorating. 
Furthermore, it is possible to decrease the current con- 70 
sumption at RX. 

In the case of the first and second embodiments, 
the resonator uses a dielectric coaxial resonator. How- 
ever, it is also possible to use a strip line resonator. 
Moreover, though a band rejection filter is used for the 75 
TX side and a band pass filter is used for the RX side, 
various modifications of the structures of a TX filter and 
a RX filter are self-evident and it is needless to say that 
the modifications are included in the range of . the 
present invention. 20 

Furthermore, though a case is described in which a 
switching Circuit is used for an antenna duplexer in the 
case of the first and second embodiments, a control 
system, particularly means for improving the degrada- 
tion of the strong input characteristic of a filter under a 25 
DC voltage indeterminate state when a PIN diode is 
turned off can be also applied to a filter or switching cir- 
cuit for controlling a pass characteristic by using a PIN 
diode in addition to an antenna duplexer. 

Furthermore, in the case of the first and second 30 
embodiments, a capacitor is used to connect a reso- 
nance element with an impedance variable element in 
parallel. However, it is also possible to use an inductor. 

The present invention has a wide TX pass band 
and a wide RX pass band and moreover, it is most effec- 35 
tive for a communication unit for a system having a very 
small interval between the TX pass band and the RX 
pass band. PCS, E-GSM, and Japanese CDMA corre- 
spond to the communication unit. For example, the TX 
pass band and the RX pass band are respectively 40 
divided into two parts with a mutually-corresponding 
band width to form a TX Low band, TX High band, RX 
Low band, and RX High band. By providing the two 
respective divided bands for a control signal, a TX band 
and a RX band are synchronously switched to make RX 45 
Low correspond to TX Low and RX High correspond to 
TX High. Thereby, a TX-RX frequency interval under 
operation equivalent^ increases and it is possible to 
secure an attenuation value without increasing the 
number of stages of filters. Moreover, by selecting a so 
band in which a channel used is present in accordance 
with the control signal, it is possible to cover every TX 
pass band and every RX pass band. Furthermore, it is a 
matter of course that the structure of the present inven- 
tion can be used for other TDMA and CDMA systems. 55 



Claims 

1. An antenna duplexer comprising a transmission 
input terminal, a receiving output terminal, an 
antenna terminal in which a transmission output 
terminal and a receiving input terminal are used in 
common, a transmission filter having at least one 
resonance element set between said transmission 
input terminal and said transmission output termi- 
nal and coupled by a coupling element, a receiving 
filter having at least one resonance element set 
between said receiving output terminal and said 
receiving input terminal and coupled by a coupling 
element, and an impedance variable element con- 
nected to the resonance element of said transmis- 
sion filter and the resonance element of said 
receiving filter respectively in parallel, wherein the 
frequency transfer characteristic of said transmis- 
sion filter and the frequency transfer characteristic 
of said receiving filter are controlled by applying 
control signals and thereby changing the imped- 
ances of said impedance variable element. 

2. The antenna duplexer according to claim 1 , wherein 
the frequency transfer characteristic of said trans- 
mission filter and the frequency transfer character- 
istic of said receiving filter are synchronously 
controlled. 

3. The antenna duplexer according to claim 2, wherein 
one of the logical structures of said control signals 
is set to a positive DC voltage applied state and the 
other of the logical structures is set to a DC voltage 
value indeterminate state. 

4. The antenna duplexer according to claim 1 , wherein 
the control logic of the transmission side and the 
control logic of the receiving side are independently 
controlled under a waiting state in which no trans- 
mission signal is transmitted. 

5. The antenna duplexer according to claim 4, wherein 
one of the logics of said control signals is set so that 
the transmission side is brought into a DC voltage 
value indeterminate state and the receiving side is 
brought into a positive DC voltage applied state and 
the other of the logics is set so that the receiving 
and transmission sides are brought into a DC volt- 
age value indeterminate state under a waiting state 
in which no transmission signal is transmitted. 

6. The antenna duplexer according to claim 4, wherein 
one of the logics of said control signals is set so that 
the transmission side is brought into a grounded 
state and the receiving side is brought into a posi- 
tive DC voltage applied state and the other of the 
logics is set so that the receiving and transmission 
sides are brought into a grounded state under a 
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waiting state in which no transmission signal is 
transmitted. 

7. An antenna duplexer comprising a transmission 
input terminal, a receiving output terminal, an 
antenna terminal in which a transmission output 
terminal and a receiving input terminal are used in 
common, a transmission filter having at least one 
resonance element set between said transmission 
input terminal and said transmission output termi- 
nal and coupled by a coupling element, a receiving 
filter having at least one resonance element set 
between said receiving output terminal and said 
receiving input terminal and coupled by a coupling 
element, and an impedance variable element con- 
nected to the resonance element of said transmis- 
sion filter in parallel, wherein the frequency transfer 
characteristic of only said transmission filter is con- 
trolled by applying control signals and thereby 
changing the impedances of said impedance varia- 
ble element. 

8. The antenna duplexer according to claim 7, wherein 
one of the logical structures of said control signals 
is set to a positive DC voltage applied state and the 
other of the logical structures is set to a DC voltage 
value indeterminate state. 

9. The antenna duplexer according to claim 3 or 8, 
wherein, in the case of the logical structures of said 
control signals, a voltage of 0 or a negative voltage 
is applied temporary when changing a positive volt- 
age applied state to a voltage value indeterminate 
state. 

10. The antenna duplexer according to claim 1 or 7, 
wherein the frequency transfer characteristic of 
said transmission filter is the band rejection type 
and the frequency transfer characteristic of said 
receiving filter is the band pass type. 

11. The antenna duplexer according to claim 10, 
wherein the frequency transfer characteristic of 
said transmission filter has the band rejection type 
and low pass type at the same time. 

12. The antenna duplexer according to claim 11, 
wherein one-side terminals of a plurality of capaci- 
tive elements forming said low-pass-type frequency 
transfer characteristic are individually connected to 
a plurality of independent grounding terminals. 

13. The antenna duplexer according to claim 12, 
wherein said plurality of grounding terminals are 
formed at the both sides of the antenna terminal. 

14. The antenna duplexer according to claim 1 or 7, 
wherein said impedance variable element uses a 



14 

PIN diode. 

15. The antenna duplexer according to claim 14, 
wherein a control terminal is set to the both ends of 

5 said PIN diode. 

16. The antenna duplexer according to claim 1 or 7, 
wherein said impedance variable element uses a 
field effect transistor (FET). 

10 

17. The antenna duplexer according to claim 1 or 7, 
wherein said impedance variable element uses a 
varactor diode. 

75 18. The antenna duplexer according to claim 1 or 7, 
wherein said resonance element uses a dielectric 
coaxial resonator. 

19. The antenna duplexer according to claim 1 or 7, 
20 wherein said resonance element uses a strip line 

resonator. 

20. An antenna duplexer comprising a band rejection 
filter constituted by connecting a capacitive element 

25 to each open end of a plurality of dielectric coaxial 
resonators respectively constituted with a 1/4- 
wavelength short-ended transmission line and con- 
necting the other ends of said capacitive elements 
each other by an inductance coupling element, and 

30 a polarized band pass filter constituted by connect- 
ing open ends of a plurality of dielectric coaxial res- 
onators respectively constituted with a 1/4- 
wavelength short-ended transmission line each 
other by a capacity coupling element and forming a 

35 bypass circuit getting astride of said dielectric coax- 
ial resonators and said capacity coupling element; 
wherein the output end of said band rejection filter 
is connected with the input end of said polarized 
band pass filter to form a common terminal, a fre- 

40 quency shift circuit constituted by connecting a cou- 
pling capacitor with a switching element in series is 
connected to the open end or ends of one or more 
dielectric coaxial resonator or resonators of said 
band rejection filter and said polarized band pass 

45 filter in parallel to apply an externally applied volt- 
age to said frequency shift circuit through at least a 
resistance, choke coil, and bypass capacitor and 
thereby change synchronously the rejection bands 
of said band rejection filter and said polarized band 

so pass filter. 

21. An antenna duplexer comprising a band rejection 
filter constituted by connecting a capacitive element 
to each open end of a plurality of dielectric coaxial 

55 resonators respectively constituted with a 1/4- 
wavelength short-ended transmission line and con- 
necting the other ends of said capacitive elements 
each other by an inductance coupling element, and 
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a polarized band pass filter constituted by connect- 
ing open ends of a plurality of dielectric coaxial res- 
onators respectively constituted with a 1/4- 
wavelength short-ended transmission line each 
other by a capacity coupling element and forming a 5 
bypass circuit getting astride of said dielectric coax- 
ial resonators and said capacity coupling element; 
wherein the output end of said band rejection filter 
is connected with the input end of said polarized 
band pass filter to form a common terminal , a fre- 10 
quency shift circuit constituted by connecting a cou- 
pling capacitor with a switching element in series is 
connected to the open end or ends of one or more 
dielectric coaxial resonator or resonators of said 
band rejection filter in parallel to apply an externally 75 
applied voltage to said frequency shift circuit 
through at least a resistance, choke coil, and 
bypass capacitor and thereby change rejection 
bands of said band rejection filter. 

20 

22. An antenna duplexer comprising a transmission fil- 
ter for passing only a part of a transmission band 
and attenuating a part of a receiving band corre- 
sponding to said transmission band, and a receiv- 
ing filter for passing only a part of a receiving band 25 
and attenuating a part of a transmission band cor- 
responding to said receiving band, wherein the 
pass band and attenuation band of said transmis- 
sion filter and the pass band and attenuation band 

of said receiving filter are synchronously changed. 30 

23. A switching element comprising a PIN diode and a 
control terminal for applying a control signal for 
turning on/off said PIN diode, wherein one of the 
logical structures of said control signal is set to a 35 
positive DC voltage applied state and the other of 
the logical structures is set to a DC voltage value 
indeterminate state. 

24. A communication unit comprising said antenna 40 
duplexer of any one of claims 1 to 22 and a signal 
processing circuit connected to said antenna 
duplexer. 

25. A communication unit comprising a pass character- 45 
istic control filter or a signal switching circuit using 
said switching element of claim 23. 
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nal in which a transmission output terminal and a 
receiving input terminal are used in common, a trans- 
mission filter having at least one resonance element set 
between the transmission input terminal and the trans- 
mission output terminal and coupled by a coupling ele- 
ment, a receiving filter having at least one resonance 
element set between the receiving output terminal and 
said receiving input terminal and coupled by a coupling 
element, and an impedance variable element con- 
nected to the resonance element of the transmission fil- 
ter and the resonance element of said receiving filter 
respectively in parallel, wherein the frequency transfer 
characteristic of the transmission filter and the fre- 
quency transfer characteristic of the receiving filter are 
controlled by applying control signals and thereby 
changing the impedances of the impedance variable 
element. 
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